On 6 April 2009, an earthquake hit the city of L'Aquila in Italy, destroying much of the historical centre, injuring thousands of people and killing more than 300. In an unprecedented verdict, in October 2012 the court of first instance in L'Aquila condemned for manslaughter the six Italian scientists, members of a national scientific advisory committee. The reasoning underpinning the verdict centres around the scientists' poor assessment and communication of the seismic risk. Two years later, in November 2014, the Appeal Court of L'Aquila reversed the first instance verdict, acquitting the scientists. This trial is of paramount importance, being the first (criminal) trial to regulatory scientists in contemporary history. Unsurprisingly, the first instance verdict has attracted much criticism. In contrast to most commentaries harshly criticizing the verdict, we find that the first instance verdict invites broader reflection on the role and possible responsibility of scientists in risk governance. We take the L'Aquila trial as a case study and look at the general relevance of this case for a debate on accountability of regulatory science. This article defends the view that, in a world where scientists retain a certain degree of regulatory authority, they should be held accountable for their contribution to regulating risks. While we find criminal liability not necessarily the most appropriate way to establish accountability, it is equally incorrect to have no accountability at all. Drawing on the L'Aquila case, this article shows the overall desirability of a legal framework for accountability of regulatory science.
have been less harsh in assessing the case. For instance, an article published in Science immediately after the first instance verdict was released has portrayed the case as a complex one, casting doubts on the proper conduct of the scientists who attended the March meeting. 5 In this article, we take issue with a number of critiques raised against the L'Aquila first instance trial. What we find most problematic is that the role of scientists in the regulatory process is highly underappreciated. We claim that scientists often exercise a form of regulatory authority and should accordingly be held accountable. While we find criminal liability possibly the wrong way to establish accountability, it is equally wrong to have no accountability at all. Against this background, this article sets out to initiate a debate on accountability of scientists involved in risk regulation and governance. We investigate the facts surrounding the earthquake in L'Aquila and the subsequent trial as a case study and look at the general relevance of this case for risk regulation. It should be clear from the outset that we do not aim to pass judgement on whether the scientists were tried and judged properly under Italian criminal law. Regardless of criminal liability issues, which were addressed in the trial, the verdict invites reflection on whether the risk was well managed in the L'Aquila case, and, more generally, whether the scientists involved in the risk governance can be faulted on certain grounds. Our main goal is to identify how scientists are involved in the process of risk regulation and, accordingly, how can they be held accountable. To do this, we scrutinise the motivations of the verdict, which arguably convey valuable information concerning these issues. In particular, we discuss the role of scientists at the intersection of the process of risk assessment, risk management, and risk communication. Thus, beyond shedding light on the L'Aquila case, this article aims to introduce a more general reflection on the role and responsibilities of scientists advising policy makers. Most importantly, it draws attention on the need for accountability mechanisms also in this area of the regulatory process.
The article is organised as follows. Section 2 introduces the reader to the concept of regulatory science and it outlines the tripartite paradigm of risk regulation, composed of the phases of risk assessment, management and communication. We further introduce the thesis that scientists enjoy a certain degree of regulatory authority in contemporary societies. In Section 3 we show that the Major Risks Commission is no exception; to provide further support to the idea that scientists are authoritative in the regulatory process we present some facts relating to the controversial meeting held on 31 March 2009. We also argue that when communicating risk the Major Risk Commission has de facto 'managed' risk and by doing that has exercised regulatory authority. In Section 4, we identify different forms and conceptions of accountability. Drawing on the L'Aquila case, we explain how legal accountability offers a venue for realising accountability of scientists working within regulatory bodies. To provide empirical backing to this claim, we turn back to the reasoning behind the firstinstance verdict and, in Section 5, we show how the Judge has assessed the behaviour of scientists against the rule of law. Section 6 provides an illustration of how legal accountability may be instrumental for learning. We draw conclusions in Section 7.
An introduction to regulatory science
If expertise is so intimately bound up with democracy and the welfare of citizens, then we should not be surprised to find political questions and problems swirling around this even more important instrument of governance.
Jasanoff, 2003 6 The L'Aquila case disclosed a taboo concerning regulatory scientists and responsibility. Before the first-instance verdict, it was unthinkable that regulatory scientists could be convicted because of their work within regulatory institutions. The first disdainful reactions from prestigious scientific institutions can be seen as manifestations of shock arising from the fact that scientists had been criminally prosecuted. While we do not argue as to whether the scientists were rightfully convicted (and later acquitted), we draw attention to a paradox involving our modern regulatory state. If, on the one hand, scientists have gained a central role in the regulatory process, on the other hand, their accountability has remained under-articulated within the regulatory space and under-theorised among scholars in the field of risk regulation. 7 To illustrate this paradox, we should examine briefly the role of scientists in regulatory processes. Contemporary legal systems rely to a great extent on the advice of individual experts and expert bodies. This phenomenon is so diffuse that a new term − 'expertocracy' − is being used to underline the authority and power that experts have come to exercise in contemporary societies.
8 Sheila Jasanoff, one of the most influential scholars in the field of science and technology (STS) studies, talks of 'regulatory science' to refer to the body of science produced and employed within the regulatory process.
9 When studying this phenomenon in the US context, she added to the public powers the − by now famous − 'fifth branch', which in essence refers to the group of scientific advisors to policy-makers. The institutional settings in which scientists operate vary to a great extent, ranging from regional and domestic independent agencies 10 14 Virtually all OECD countries have adopted a risk regulation model, built on a process of risk assessment and risk management. 15 The process of risk assessment is typically conceived as a purely scientific enterprise, dealing with the 'identification, quantification, and characterisation of risk'. 16 Risk management pertains to politics, and it deals with taking a decision when the 'scientific questions' have been answered by the scientists; it addresses the questions of what risks are acceptable, of 'how safe is safe enough'. 17 Most policy documents also include a phase of risk communication. 18 This tripartite division suggests a clear-cut distinction between the phases of scientific assessment, policy making and communication. However, such division has been largely criticised for not taking sufficient account of the intimate relationship between science and politics underpinning the process of risk regulation. 19 Scientists advising governments conduct a scientific analysis that is policy oriented; they can for instance choose to be conservative in their assessments (e.g. choosing a high safety factor when extrapolating data from animal bioassays) because of the demands of politics. 20 Without reiterating arguments already wellarticulated in the literature, 21 we emphasise that the clear-cut functional separation between risk assessment and risk management is misleading in so far as it overshadows the role played by scientists in the regulatory process. By conceptualising risk assessment as a Mertonian scientific process, purely aimed at assessing risks and functionally separated from the phase of risk management, the regulatory authority de facto exercised by scientists remains concealed.
The regulatory authority de facto retained by scientists is well evidenced by the fact that the scientific opinions given by regulatory scientists have often formed the basis of legal standards. Take, for 12 The World Health Organization cooperates with several expert bodies; an example is the WHO EMF Project International launched in 1996 to assess the health and environmental effects of exposure to electric and magnetic fields. Within this project the WHO cooperates with the Agency for Research on Cancer (IARC, a WHO specialized institution), and the International Commission on Non-Ionizing Radiation Protection (ICNIRP), which is a non-profit association that produces guidelines in the field of non-ionizing radiation protection. 13 For instance, the International Seabed Authority relies on technical studies drafted by ad hoc experts to shape its regulatory policy; see http://www.isa.org.jm/en/documents. 14 For a description of the ascent of risk assessment as a normal phase of risk regulation, see A Arcuri, 'Risk Regulation', in AM Pacces and RJ Van 20 For more examples of how certain assumptions do play out in the risk assessment process see Arcuri (n 14). instance, the various scientific bodies operating within the European legal system, such as the European Food and Safety Authority and the European Medicines Agency (EMA). While these bodies are officially only performing an advisory function, it has been amply shown that their opinions are almost invariably translated into regulatory decisions. 22 Likewise at the international level, the opinions of the scientific bodies of the Codex Alimentarius Commission are commonly followed, and thus become standards. 23 One of the main features of these scientific bodies, also referred to as regulatory scientific institutions (RSIs), 24 is that their authority is of a hybrid nature: the epistemic authority traditionally exerted by science is confounded with a legal-administrative authority. In thinking about accountability of regulatory science, we try to take in due account the possible challenges that such hybridity may present.
The major risk commission and authority of regulatory science
The Major Risks Commission, which is the key institution in the L'Aquila trial, fits well the category of RSIs, as the Commission co-produces decisions of administrative nature. The Major Risk Commission advises the DCP on all the activities aimed at the forecasting and prevention of risks.
28 If the forecasting activity can be associated with the process of risk assessment, risk prevention is clearly falling within the scope of risk management. By treating risk assessment together with risk management, the legal framework regulating the Major Risks Commission seems to treat the Commission as a hybrid body operating at the intersection of science and policy-making. This legal framing can thus be read as bestowing some regulatory authority to the Commission. Besides the authority bestowed on scientists by the law, the institutionalisation of science within a policy-making process, in itself, may confer a form of discursive authority, as shown in the next subsection.
The controversial March meeting and the authority of science
The meeting is not because we are scared and worried, but because we want to reassure the people, and instead of us doing the talking, we let the most important scientists in the field of seismology speak.29
Guido Bertolaso, Head of the Italian DCP The quote above is an excerpt from a telephone conversation held on 30 March 2009, between Guido Bertolaso and Daniela Stati, the Regional council member delegated to Civil Protection for the Abruzzo region. This instance of wiretapping was leaked to the media after the trial had already begun. As regards an overall assessment of what happened in terms of risk management, this conversation casts a dark shadow on the operation of the Major Risks Commission. During the trial, Bertolaso was questioned by the prosecutor, and had the opportunity to clarify the content of this conversation. The Judge seemed to accept to some extent Bertolaso's explanation regarding his own wording: namely, that the idea of reassuring the people was circumscribed to the fact of mitigating the fears that 'intoxicated the territory'. 30 In fact, the citizens of L'Aquila and of the surrounding territories were under considerable stress, and were confused by some conflicting streams of information.
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Nevertheless, the wording, 'instead of us doing the talking, we let the most important scientists in the field of seismology speak' (emphasis added) sounds like the scientists were being used to justify a risk management choice already taken by the Head of the DCP. To be sure, in that conversation Bertolaso also said that the meeting was expected to be a 'media operation', since 'the luminaries of earthquakes in Italy will come' and 'the highest experts will say: it is normal, earthquakes are normal phenomena, (…) better that there are 100 shocks of magnitude 4 on the Richter scale (M L ) rather than silence (…) because 100 shocks free energy and the evil shock that hurts will never come'. From these words it is plausible to conclude that one of the reasons for convening the meeting was to reassure the population 28 Some laws and decrees have slightly revised the legal framework under which the Commission operates, but the original tasks remain virtually the same: compare Art 9, L 225/1992 with Art 2, DPCM 7 October 2011. The Commission was originally composed of 21 members, and only three of these were official experts on seismic risks. In 2011, after the organisation of the Commission was reformed, new members were appointed. There are now 11 members for the seismic risk only, DPCM 23 December 2011. Information on the Major Risks Commission is available at the official website: http://www.protezionecivile.gov.it/jcms/it/commissione_grandi_rischi.wp. The website can also be consulted in English. 29 Wiretapping of the telephone conversation between Guido Bertolaso and Daniela Stati. The full telephone conversation can be heard (in Italian) at http://www.6aprile.it/media/video/2012/10/23/video-ecco-le-frasi-che-incastrano-lacommissione-grandi-rischi.html (the quoted passage is translated by the authors). 30 Tribunale dell'Aquila, 380/2012, pp. 154-155 of the motivations. It should be noted that these conversations are the basis for criminal allegations against Bertolaso, and that he remains under investigation in a pre-trial phase until December 31, 2013. See Ordinanza dell'Ufficio del Giudice per le Indagini Preliminari, Tribunale dell'Aquila, n 289/12 RGNR. 31 On the one hand, certain official statements from local representatives of the Italian Department of Civil Protection (DCP) indicated that there was no risk of a major earthquake. On the other hand, fears were fuelled by the prediction, made by a technician at the National Institute of Nuclear Physics, Gioacchino Giuliani, that a major quake was about to occur. This complex context may shed some light, and even some legitimacy, on Bertolaso's words. rather than to genuinely allow the scientists to assess the risk at hand. Above all, the words of the wiretapped phone call between the Head of the DCP, Guido Bertolaso, and the Regional Council member, Daniela Stasi, emphasised the importance of letting the scientists speak, and disclosed that, at least in their view, the voice of scientists embedded in the regulatory process is authoritative, and can have a direct effect on laypeople's perception of risks.
Scientists' authority and the blurred boundaries between risk communication and risk management
At a more fundamental level, the de facto authority exercised by scientists can be explained by showing that the boundary between risk communication and management is a blurred one. One of the main thrusts of the verdict is that the message of reassurance by the scientists altered the precautionary activities normally carried out by some of the victims. 32 In fact, after the meeting, a press conference was held and two scientists (Barberi and De Bernardinis) were also interviewed by the media. 33 Reassuring statements were made by some of the scientists during the meeting, the press conference, and the interviews. 34 Several scholars and experts in the field have criticised the risk communication in the L'Aquila case. 35 Generally, it has been argued that the message from the scientists was over-reassuring, and uncertainty was not properly communicated. 36 One more specific critique is that, even if the information was to some extent technically correct (i.e. the probability of a major earthquake on that particular day was low in absolute terms), the way it was framed was highly unhelpful. As stated by Sirota and Juanchich, '[r]esearch on risk communication and its socio-cognitive and behavioral consequences indicates that the negative verbal probabilities that were frequently used to quantify the earthquake risk in L'Aquila, such as "unlikely" and "very improbable", express a "decreasing trend of risk". Findings suggest that these terms draw attention towards the non-occurrence of the outcome and discourage preventive measures'. 37 While most scientists and commentators may still find the manslaughter convictions extreme, most of them acknowledge by now the problems with the risk communication by the convicted scientists. 38 32 For an in-depth analysis of this part of the verdict see infra section 6. 33 The press conference was organized with the active participation of prof Barberi and prof De Bernardinis, and in the presence of prof Calvi and prof Dolce. 34 In this context it worth noting that during the meeting, no strategy of risk communication was discussed. Moreover, the meeting specified no confidential policy rules to the participants, which implied that what was said during the meeting was effectively of a public nature. It should also be noted that one (controversial) interview was released before the meeting. 35 37 M Sirota and M Juanchich (n 35), 1286-87. 38 Another problem with the risk communication in this case was that, far from being participatory, risk communication was a process within which the public was merely reassured. Scholars in the field of risk communication have long advocated for participatory processes in risk communication. In one of the seminal papers on risk communication, Baruch Fischhoff has traced the evolution of the process of risk communication in the US, and has emphasised how risk communication may transcend the act of merely sending 'risk messages'. The evolution of a theory underpinning the practice of risk communication shifted from a model in which the public was simply a receptor of information to a more participative idea in which the public is in a dialogical relationship with the regulator. 
Conceptualising accountability for regulatory science
Against this background, it is paradoxical that regulatory scientists, who de facto retain some regulatory authority, have remained largely outside the discourse on the accountability of the regulatory machine. 39 Our main claim is that, to the extent that some degree of regulatory authority is exercised, accountability mechanisms also ought to be applied to scientists. While accountability remains an elusive concept, it is commonly described as a mechanism necessary to limit the abuse of power. 40 More specifically accountability has been conceptualized as a social relation between 'an actor and a forum, in which the actor has an obligation to explain and to justify his or her conduct, the forum can pose questions and pass judgment, and the actor may face consequences.' 41 On the normative level, accountability has been considered to fulfill three purposes: 1) controlling public powers (democratic perspective), 2) limiting abuse of power (constitutional perspective) and 3) develop learning (learning perspective). 42 In the words of Mark Bovens, '[b]ehind these three perspectives lurks a far bigger, more abstract concern of accountability. Accountability is indirectly of importance because, ultimately, it can help to ensure that the legitimacy of governance remains intact or is increased.'
43 Accountability thus becomes an essential element in the construction of legitimate governance systems; accordingly, if scientific experts are to be part of this system, they need to be subjected to accountability mechanism. In other words, accountability of regulatory scientists is necessary to render a regulatory system that relies on experts sustainable. 39 Only a few authors have addressed the issue of accountability of regulatory scientists; most notably, Jasanoff (n 6) and the works of different authors collected in Lentsch and Weingart (n 7). While in this contribution we focus on the concept of accountability for regulatory scientists, we realise that it is important to study more broadly the possibility of applying accountability also to private actors that indirectly contribute to policy-making process. If private actors rely on scientific expertise, then we should consider also the implication in terms of accountability for these scientists; for an early 
The role of legal accountability
Accountability mechanisms can take different forms, including 'legal', 'peer', and 'reputational' accountability. 44 Criminal liability, assessed in the trial in L'Aquila, is a sub-set of legal accountability. It is one form of judicial review, with high standards of review (causation and culpability should be proven beyond reasonable doubts) and arguably the most severe sanctions, such as the limitation of personal freedom. From this perspective, criminal liability may be considered as highly problematic for reviewing regulatory science. Employing criminal liability for scientists may create a sort of 'regulatory science-chill', as scientists might become reluctant to engage in regulatory processes if threatened with very heavy sanctions. Moreover, the high standards of review on which criminal liability rests may be hardly met in cases reviewing scientific assessments for regulatory purposes, because these are typically fraught with high uncertainties. As criminal liability is constructed in a way that false positives should be minimised (the principle of innocence beyond reasonable doubts), the presence of uncertainties may lead to under-detection of misconduct. In that sense, the first instance verdict of the L'Aquila trail can be seen as an anomaly. The fact that on appeal, all scientists have been acquitted from all charges provides support to this thesis. Striking is that apart from the criminal trial, no institutional mechanisms were set in motion so that any political, administrative, and/or technical responsibilities could be publicly ascertained. Given the lack of other accountability mechanisms and the absence of a political−administrative scrutiny in the aftermath of the earthquake, the L'Aquila trial might be seen as measure of last resort.
We believe that, in spite of the undesirability of criminal liability for the review of regulatory science, the L'Aquila trial shows that legal accountability can be useful to scrutinize the behaviour of scientists involved in the political process. Legal accountability is established when courts or quasi-judicial bodies can review the behaviour of certain actors on the basis of legalised norms of conducts. Some scholars have shown why peer review may be a suboptimal strategy in regulatory policy. 45 The scrutiny of scientists' behavior by legal institutions is a process that may be particularly valuable because the standards of behavior of regulatory scientific institutions are not simply determined by the scientific community, but by the legal framework. Risk assessment does not exist in a vacuum and it is not per se a scientific concept; the boundaries of risk assessment are socially and legally constructed.
The evaluation of the process of risk assessment by the Judge in the L'Aquila trial well illustrates this point. In order to appraise whether the scientists performed risk assessment in an accurate fashion, the Judge had first to identify the constitutive components of risk assessment, such as what needs to be assessed and by whom. The reasoning driving the L'Aquila verdict has thus the merit of having identified the standards of behavior of the scientists within the existing Italian legal framework. 46 In other words, the L'Aquila verdict has identified the legal boundaries of risk assessment and the legal duties that come with it.
Addressing potential critiques
One critique that can be applied to the claim that accountability mechanisms for regulatory scientists are necessary is that it rests on a misconceived conception of science, as science cannot provide answers to politically loaded questions. But this is the vexing question that has led to the articulation of the concept of 'trans-Science'. 47 While we share the view that science cannot possibly answer purely political questions, it is erroneous to infer from this that scientists cannot account for what they 44 M Bovens, Ibid, pp 36-37. do in the policy-making arena. In the case of L'Aquila, science was clearly, if not carefully, used as an authoritative factor in the decision-making process. To the extent that science is used to serve political purposes, it should meet certain accountability standards as well. This is important, inter alia, because scientists, like any other actor in the regulatory process, are prone to capture (and/or to errors) and need incentives to properly conduct their work.
Another critique to the proposal of legal accountability might be that judges − owing to their lack of specific expertise − are unable to assess the work of scientists. But this is just a rough assessment of judges' competence, and it rests on a superficial interpretation of the general principle of distinction of powers. The fact that judges are not scientists cannot be used as a general argument to exclude any kind of judicial review of scientific opinions. As a matter of fact, judges are already doing that in a variety of fields, including in the domain of medical malpractice, toxic torts, 48 litigation related to environmental damages 49 to the review of the decisions of specialised agencies, which rely of the work of scientific experts. 50 A wide variety of science-related questions has also been reviewed by international courts. 51 Within this vast jurisprudence, it is possible to distinguish approaches that tend to focus on more substantive reviews 52 to those privileging procedural reviews 53 and approaches that are more or less deferential to the science-based decisions of administrative bodies. In contemporary societies, characterised by their complexity, it appears unavoidable that science meets law in a Court room.
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The innovative character of our argument is in suggesting that, rather than only the decisions of political bodies (e.g. European Commission) or agencies (e.g. EPA), regulatory scientists and/or the scientific regulatory committees should be held accountable and, possibly, their decisions subjected to judicial review. If we look at landmark cases in EU and US law, the subjects of judicial review are typically political bodies (e.g. the Council in Pfizer and Alpharma; the Commission in Amflora; the Occupational Safety and Health Administration (OSHA) in the Benzene case, etc.). In the L'Aquila case the subjects under legal scrutiny are the scientists themselves. Our main tenet is that, if it is 48 impossible to test in any way the reliability of the work of regulatory scientists and scientific committees, then it seems equally wrong to confer a privileged status to this group in the regulatory arena. Certainly, we do not argue that the recognition of accountability mechanisms should be translated directly into the allocation of a specific form of liability, be it criminal, civil, or administrative. It is simply suggested here that legal institutions may prove important in holding scientists accountable for their actions within the context of their 'regulatory' sphere of action.
The L'Aquila case: Bringing begulatory science under the rule of law
In the first instance verdict, scientists have been found guilty 'for having assessed the risks related to the seismic activity in the L'Aquila territory in an inaccurate, generic and ineffective way' and for having provided to various authorities/political bodies and to the people of L'Aquila 'information which was imprecise, incomplete and contradictory as to the nature, the causes and the hazardousness, and on the future development of the seismic activity'. 55 The scientists' conduct had the effect of inducing the earthquake victims to stay at home, and not to follow consolidated preventive safety habits of leaving houses in the event of seismic shocks at night.
The reasoning of the Judge, articulated in over 900 pages of motivations, 56 is already clear from the first pages. The ruling revolved around two distinct lines of reasoning, which focused on the behaviour of both the Major Risks Commission's members and the victims. When a causal link between the two sets of behaviour was demonstrated, the Judge condemned the members of the Commission for multiple manslaughter and multiple unintentional injuries. In the 29 cases in which criminal liability was ascertained by the Judge, people had changed their behaviour as a direct consequence of the information released following the Major Risks Commission's meeting. From the reconstruction of facts made by the Judge, it emerges that the pattern of behaviour that was mostly influenced was what we could call 'individual risk management', that is the management of a situation of risks by the potential victims on the basis of the information received by the authorities. According to the Judge, it is the risk communication that caused the relaxation of preventive safety measures that, otherwise, might have saved the lives of (at least some of the) L'Aquila's inhabitants.
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Risk assessment and legal duties
When analysing the (criminal) behaviour of the Major Risks Commission, the Judge articulated his judgment on a series of grounds of review that matched both substantive and procedural criteria of evaluation concerning the effective accomplishment of the specific duties of care connected to risk assessment and communication. Interestingly, the Judge conducted such a review against the background of a fragmented and unclear legal framework about the nature and the limits of the tasks and responsibilities allocated to the Major Risks Commission. To mention only the main issues, the relationship between the Major Risks Commission and the DCP is not clearly regulated and the allocation of tasks and responsibilities between the two bodies is not always easy to disentangle. For instance, both bodies are tasked with functions of risk forecasting and prevention, without clear 55 Tribunale dell'Aquila, 380/2012, p 25 of the motivations. 56 The motivations of the first instance verdict were published on 18 January 2013. According to Italian criminal procedural law, in fact, motivations should be published within 60 days after the verdict. The fact that most commentaries in the media appeared when the motivations of the verdict had not yet been published can be seen as problematic, because some critiques were formulated without taking into due account the reasons behind the verdict. 57 The Judge compared and contrasted the behaviour of each victim before the Commission's meeting on 31 March 2009; the awareness of the single victims regarding the findings of the Commission's meeting; and the victims' behaviour in the aftermath of this meeting. This examination was conducted on the ground of testimonies of relatives and other people familiar with the victims. The validity of the evidence produced as well as the causal link between the fact of the death and the Commission's deliberation can therefore be challenged on appeal. distinction on how both bodies are to contribute to these goals. 58 Risk assessment, management and communication are mixed in a dense decision-making process that is well exemplified by the meeting of L'Aquila. The application of legal standards to the case therefore contributed to framing the liability framework of regulatory science.
In doing this, the Judge preliminary defined the legal criteria for evaluating the scientific activity of risk assessment and then tried to ascertain whether the experts had conducted it in an accurate fashion. First of all, the Judge pointed out the nature of the regulatory task of risk assessment and substantively set the legal borders of such a responsibility, by identifying the main factors to be considered in risk assessment. Only subsequently, the Judge looked at whether the Major Risks Commission had evaluated all these factors by conducting a procedural appraisal. The responsibility to assess the seismic risk is structured as a task aimed at analysing the risk at stake under particular conditions. In order to outline the duties related to this task, the Judge emphasised the limited nature of risk assessment: it does not consist of a deterministic prediction or an alert regarding an earthquake as a phenomenon, but an assessment of the possible consequences of a major earthquake. He made clear that given the current status of scientific knowledge, the occurrence of earthquakes cannot be predicted by any scientific means. Being the notion of risk an undetermined legal concept, the Judge had to define it according to the meaning designed by the legal framework.
Since the Civil Protection's statute does not define the notion of risk, the Judge had to rely on a notion generally accepted in the legal order and referred to the definition provided by the regulation on workplace health and safety: namely, risk as the probability of a potential level of harm. 59 It is important to emphasise that the nature of the tasks and duties related to the performance of risk assessment has been framed by the Judge against the law on Civil Protection and structured according to the rule of law and not merely to scientific parameters. 60 The consideration of scientific parameters is thus subsumed into the legal analysis. This framing confirms the limited capability of the Judge to review scientific activity; that is, according to the function that judiciary performs in the legal system. This implicitly confirms the hybrid nature of the Commission as a scientific advisory body, which activity is assessed in relation to the legally relevant parameters. The pure scientific validity of the performed tasks is not an issue in itself; rather, the issue is the regulatory implications of such an activity; that is, the legal effects produced by the scientific activity.
The key legal rules for evaluating the legality of the activities performed by the Commission refer to protection of the integrity of life, goods, settlements, and the environment from the harm or the danger of harm related to the occurrence of natural and man-made disasters or other events that can entail high risks. In light of this goal, every action in the field of civil protection should be intended to mitigate the impact of these events in terms of harm and casualties. 61 In light of the legal framework considered by the Judge, the Commission's meeting should have been intended to assess the risk of the earthquake − and not to predict its occurrence − on the basis of the knowledge at its disposal.
The Judge concluded that, in the pursuit of the prevention goal, the Commission was expected to conduct an ex ante assessment of the occurrence of a potential situation and the possible negative 58 See L 225/1992. 59 Art 2, lett s), D Lgs 81/2008. According to the Judge's reasoning, risk should be considered as a 'logic category aimed at defining a potential situation; and it involves a value judgment about the harmful consequences which can stem from not (always and not always accurately) predictable conditions'; see Tribunale dell'Aquila 380/2012, p 296 of the motivations. 60 Tribunale dell'Aquila, 380/2012, pp 217-221 of the motivations. 61 According to the law, forecasting covers those activities aimed at identifying and analysing the causes of disasters, their risk, and the areas involved (art 3 (2), L 225/1992), whereas prevention concerns the activities aimed at mitigating harm and casualties of disasters on the basis of results of the forecasting activity (Art 3 (3), L 225/1992). In other words, these activities refer respectively to risk assessment and risk management. effects of its occurrence. 62 On this ground, preventive action could have been taken: that is, a number of measures meant to identify and limit those situations that could involve major harm. The Judge focused on the modalities by which such risk assessment should have been conducted; that is whether and to what extent the risk assessment performed by the Major Risks Commission had effectively matched the goals set by the law. Both procedural and substantive criteria assisted such review.
Criteria of judicial review
Within the outlined framework of the legal duties, the question under judicial review was whether the (individual members of the) Commission had considered with the necessary level of care all the data (of a historical, scientific, statistical, and environmental nature) at their disposal during the meeting aimed at assessing the seismic risk. The principles of reasonableness and accuracy in the performance of risk assessment assisted the review. On the substantive side, the Judge faulted the scientists mainly for not having sufficiently considered important variables, part of a risk assessment; namely the potential harm. 63 In addition to the correct assessment of existing risk maps, vulnerability is significant in the seismic risk assessment of the city of L'Aquila, since its architectural heritage (buildings from medieval times) is particularly exposed to seismic activity, and unsuitable for anti-seismic intervention, as documented by a an earlier study conducted by one of the prosecuted scientists, Dr Barberi.
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On the ground of an accurate risk assessment and of consequent correct information, it would have been possible not to prevent the earthquake from occurring, neither to predict the earthquake as a phenomenon, but to mitigate its impact and reduce losses and casualties. 65 However, the judgement is somewhat ambiguous here. On the one hand, various parts of the judgement emphasise that scientists were not expected to predict the occurrence of the earthquake and the Judge seems to adopt a deferential standard of review. On the other hand, some parts of the verdict engage in a more straight review of science suggesting that the scientists were superficial in assessing the probability of the earthquake. This may in fact be one of the weakest parts of the verdict in the application of substantive criteria of review. This ambiguity may be the result of the need to evaluate criminal liability beyond any reasonable doubt, but it can also be attributed to the Judge's confidence of his capability of understanding scientific evidence when evaluating some specific aspects of scientific/technical opinions.
Conversely, the procedural review is more straightforward. In fact, on the procedural side, the Judge assessed the modalities by which the meeting was held as evidence of the (in)accuracy of the risk 62 The judge further elaborates on this by distinguishing the prediction of harmful events from the process of risk assessment:
'risk assessment is the formulation of a judgment, a prognostic evaluation, relating to the occurrence of a potential situation and the potential harmful consequences stemming from an unforeseeable event, such as an earthquake' (Ibid, p 297 of the motivations). 63 The Judge actually reconstructed the notion of seismic risk as the result of the interaction of three variables: seismic danger (ie, the probability that an earthquake with a certain intensity will occur in a particular area in a certain period of time, and it allows mapping of the risk); vulnerability of the goods and the population (ie, their fragility to harm); and exposure to the danger, which also includes the economic effects (as regards the value of life and goods that can be lost or damaged if the earthquake occurs); Ibid, p 314 of the motivations. 64 The Barberi's Report is a study conducted on the building heritage of different Italian regions, previously delivered by an expert Commission composed of some of the defendants and chaired by one of them; according to this report, the ancient nature of the building heritage prevents any intervention to technically update it to new standards. See F Barberi et al, Censimento di vulnerabilita' degli edifici pubblici strategici e speciali nelle regioni Abruzzo, Basilicata, Calabria, Campania, Molise, Puglia e Sicilia Orientale (Ministero del Lavoro e della Previdenza Sociale, Dipartimento della Protezione Civile and Gruppo Nazionale per la Difesa dai Terremoti, III volumes, 1999). 65 To clarify this, the Judge takes examples from other disasters; for instance, he distinguishes between fires and the risk of fires: the first one refers to the phenomenon as occurred, while the second one consists of the assessment of all the potential circumstances that could lead to fires and their predictable harm. Ibid, p 309 of the motivations. assessment. The (lack of) input from the different experts, members of the specialised board, can be used to indirectly review the work of scientific committees. The procedure followed for assessing risk influences the findings of the assessment; therefore, as it happens in other domains where administrative procedures apply, it should have legal effects. The Major Risk Commission was composed of experts in different fields (e.g., some experts were knowledgeable in relation to the vulnerabilities of the territory, while others were experts in relation to seismic risk as such) and it should have worked as a collegial body on the basis of information being exchanged among the different experts. This meant that all the (scientific) indicators should have been analysed in detail by the single experts in a plenary discussion at the meeting (as in a perfect collegial body), so as to position every indicator in the concrete case at stake.
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In the L'Aquila case, not all the specialised knowledge of the members was effectively shared. The March meeting of the Major Risk Commission lasted one hour (18.30-19.30), and participants signed the official minutes of the meeting only in the immediate aftermath of the disastrous earthquake, about a week after the meeting took place. 67 One hour for a meeting with seven scientists to discuss such complex issues allows little time for deliberation. This part of the judgement reveals that even simple procedural requirements may be crucial in determining responsibility of regulatory science. If the legal system has included different expertise within a particular regulatory scientific institution, the lack of consideration of some these experts may be used as a way to ascertain deficiencies in the conduct of the body.
Legal accountability and learning
One of the most criticised conducts of the Major Risks Commission is that it interacted directly with the general public − namely the population of L'Aquila − by releasing different types of information, and by holding a press conference after the March meeting. The Commission communicated the seismic risk, but it highly underestimated the role and nature of such activity, namely the exercise of a de facto authority. This considerably contributed to ascertaining gross negligence under Italian criminal law. The verdict made the Major Risks Commission officially responsible for the (causally linked) effects of its communication.
This significantly contributed to highlighting the legal importance of risk communication and to recognising its regulatory implications. Until the L'Aquila first instance verdict, the 'adverse' legal effects of risk communication have been underestimated in risk regulation. The legislative framework under which the Commission operated was not clear about scientists' duties in relation to risk communication, which could be considered to represent a further specialised task within the communication competences. The L'Aquila verdict can be seen as the first step towards the understanding of issues pertaining to risk communication in the Italian legal framework. By focusing on how the duty of care related to the tasks and responsibility allocated to the Commission, the Judge contributes to frame a relationship of legal accountability. Likewise, when de facto checking the accuracy of the risk assessment and the adequacy of the risk communication, the Judge defined criteria for framing the relationship between regulatory science and policy making.
As far as risk communication is concerned, the first instance verdict set some fundamental criteria for defining how not to perform such a task. Above all, the Judge held the need to clearly distinguish scientific information from layman language. 68 When scientists communicate scientific data, they should take into account that the semantic of technical/scientific language does not necessarily match ordinary language: if the occurrence of an earthquake is considered 'normal', scientifically it means that the phenomenon is known and expected in that particular seismic region. However, in layman language it has a different nuance, meaning not-alarming and in the end not-dangerous. 69 Likewise, saying that a major earthquake is 'very unlikely' produces a (scientifically unintended) reassuring effect on the population. 70 If imprudent statements and misunderstandings had been avoided, scientists could have appropriately performed the communication of risks. By identifying some of the negative effects of poor risk communication, a first warning bell has sounded regarding the need for an effective risk communication strategy. According to cognitive science literature, 'evidence based risk communication guidelines' can help 'protect both the risk information recipient and the risk information provider'. 71 If compared to the judicial scrutiny on risk assessment, the review of risk communication is mainly substantive and it shows a lower degree of deference. In order to understand the role of the scientists in this particular context, the Judge heavily relied on the expert witness of an Italian professor of cultural anthropology, Antonello Ciccozzi. Following prof Ciccozzi's technical opinion, the Judge based the legal reasoning on theories of cultural anthropology and psychology which consider that all human behaviour is partly determined by the available information. In this context, information produced by scientific authority is likely to influence behaviour. 72 In the context of the L'Aquila earthquake, citizens needed to normalise the state of fear and uncertainty, and to this end the meeting of the Commission was organised in L'Aquila by the Head of the DCP with the aim of reassuring the population. Because of the need to reduce uncertainties and fears in situations of risk and uncertainty, people tend to believe experts and competent authorities. In addition, the more educated these people are, the more willing they are to trust competent authorities, as they share a 'cultural proximity'; thus, the closer the warning, the most persuasive it is. 73 According to the Judge, an adequate risk communication could have stimulated other competent authorities to take preventive safety measures − such as the arrangement of meeting points and safe areas of refuge, and the strengthening of first-aid services and the accommodation capacity of hospitals − as well as advising citizens to take individual safety measures. This different impact scenario of the risk communication could have disconnected the causal link in the allocation of the criminal liability. This means that the accountability framework sets the borders of responsibilities and safeguards against their incorrect allocation and performance. The L'Aquila case changed the perception of risk communication as a neutral activity and it unveiled the possible legal effects of such an activity. The legal system has being changed arguably because of what emerged from the L'Aquila trial. In 2011 a new regulation reforming the organisation and the functioning of the Major Risks Commission introduced a new provision concerning risk communication, which tries to address the issue that emerged in L'Aquila. When 'particular needs of communication' occur, the Commission can summarise its findings on a specific matter in a press communication that will be the sole official form of external representation of the Commission's opinion in place of a meeting's report.
The general accountability framework, however, remains rather unspecified. National legislation on risk communication remains largely unregulated and this makes any attempt to identify a priori the legal effects of such a regulatory task very difficult, when not impossible. No directions or guidelines have been provided for the performance of such a specialised task. If the Commission has the capacity of communicating risks, it is essential that its members be aware of the possible consequences of communicating risk-related information, and, as a result, learn how to handle risk communication appropriately. The amending process, instead, stopped at a sheer formal and superficial point without addressing the very criticalities in risk communication and its effects for the correct functioning of the Commission. In fact, the Commission has been vested with the public authority of communicating risks to the public, and not only to the Head of the DCP. No criteria for structuring the relationship between the Major Risks Commission and the DCP have been provided. No procedures have been developed at any level for checking the work of the Major Risks Commission. Moreover, no rule has been introduced to (at least) legally protect the autonomy of the scientific evaluations from political pressure. This shows that no serious attempt was made to rebuild public trust in the National Service of Civil Protection and to effectively improving its functioning. At the same time, the L'Aquila case has brought to light the role of regulatory science and, arguably, it will affect the prospective behavior of the members of the Major Risk Commission. Thus overall, the first instance verdict can be seen as revealing the importance of setting a legal accountability framework for regulatory science.
Conclusions
Let us go back to the letter published in Nature, in which some scholars raised their concerns about the fact that, with the L'Aquila trial, 'Italy seems to have made scientists co-responsible for governing the country'. 75 Our analysis has shown that it was not the criminal trial in L'Aquila that made scientists co-responsible for governing the country; rather, the risk regulatory framework had already established a system of joint responsibility. It could be argued that the term 'responsibility' has different meanings and, accordingly, a brief reflection on the two connected meanings of the term is due. On the one hand, responsibility means duty, task; on the other hand, it means 'the state of being the person who caused something to happen' (Merriam-Webster dictionary). As discussed in this article, the scientists attending the meeting had certain tasks and duties within the civil protection system. In this sense, they are (legally) co-responsible for governing those risks. We can speculate that the signatories of the letter in Nature were mainly concerned about the second meaning of the term. However, it is worth noting that the root of the word 'responsible' is the Latin word respondere (to respond). If you have a certain duty within a governance system, you are also called to respond for your actions within the system. Interestingly, in the same letter, the concerned scholars also emphasise the importance of 'recognizing the democratic accountability of government as well as the science it enlists for policy-making'.
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In this article, we have argued that the L'Aquila case is of particular interest because it draws attention to the accountability mechanisms − or lack thereof − of that 'enlisted science'. One of the major insights issuing from the L'Aquila verdict is that people changed their behaviours as a consequence of information released in the aftermath of the Major Risks Commission's meeting. More specifically, the information communicated after the meeting seemed to have resulted in the relaxation of precautionary measures that could otherwise have saved the lives of some of L'Aquila's inhabitants. This part of the verdict seems to corroborate the idea that regulatory scientists are also involved in risk management and, more generally, exercise some form of authority. The verdict shows that the boundaries between risk assessment, risk management, and risk communication are fluid, and it is 75 See Aarden et al (n 2). 76 Ibid (emphasis added).
important that scientists involved in the regulatory process gain more awareness not only of their own roles but also of the dynamic interactions between the aforementioned three phases.
Without any intention of passing judgement on questions related to criminal law, we have argued that this case shows that it is not only possible but also necessary to initiate a serious reflection on the accountability of regulatory science. In a world in which scientists are often given regulatory authority, it is surprising how little attention has been devoted to this question. The most recent development of the L'Aquila case -the acquittal of the scientists by the L'Aquila Court of Appealbears witness to the accountability gaps of the Italian legal systems. 77 As noted in this article, beside the criminal trial almost no other accountability mechanism was resorted to. If criminal liability by all accounts may appear too severe (and most likely counterproductive), other legal accountability mechanisms need to be devised. 77 It is yet to be seen whether the Appeal verdict will become definitive, as it can be challenged before the Supreme Court of Cassazione on grounds of legality.
